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Yabe’s giant deer and elk remains from the Late Pleistocene of Kumaishi-do Cave, 
Gifu Prefecture, central Japan (Part 2): Postcranial bones
Hiroyuki TARUNO*, Yoshinari KAWAMURA**, Shinogu ISHIDA***, and Kiyoshi OKUMURA****
Abstract: Kumaishi-do Cave located in central Japan has yielded a great number of Late Pleistocene 
mammalian fossils. They contain abundant large-sized cervid fossils, which are assigned to Sinomegaceros 
yabei and Alces alces. This paper presents detailed descriptions and measurements of the postcranial elements, 
and for the first time reveals discriminating osteological characteristics between the two species. In this 
paper also the limb bones of S. yabei are compared with those of the Sinomegaceros species from China and 
Megaloceros giganteus from Ireland. The comparison clearly indicates that S. yabei is much larger than the 
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Family Cervidae Goldfuss, 1820
Subfamily Cervinae Goldfuss, 1820
Tribe Megacerini Viret, 1961
Genus Sinomegaceros Dietrich, 1933
ヤベオオツノジカ
Sinomegaceros yabei ?Shikama, 1938?





















































































Fig. 3. Third to seventh cervical vertebrae of Sinomegaceros yabei from Kumaishi-do Cave ?next page?.
A-E: M-052 ?third cervical vertebra?, F-I: M-053 ?fourth cervical vertebra?, J-O: M-054 ?fifth cervical vertebra?, P-R: M-055 ?sixth cervical 
vertebra?, S-W: ?seventh cervical vertebra?. A, F, J and S: Dorsal view, B, G, K, P and T: Ventral view, C, H, L and Q: Right lateral view, M and U: Left 
lateral view, D, I, N, R and V: Cranial view, E, O and W: Caudal view. cdap: Caudal articular process, cdcf: Caudal costal fovea, crap: Cranial articular 
process, s: Spinous process, tf: Transverse foramen, tp: Transverse process, va: Ventral arch, vc: Vertebral caput, vcr: Ventral crest, vf: Vertebral fossa.
?2?????????????????M-051??






















































































































































Fig. 4. Thoracic vertebrae of Sinomegaceros yabei from Kumaishi-do Cave ?last page?. 
A-D: QV-4102 ?T2?, E-H: QV-4108 ?T6 or T7?, I-L: QV-4107 ?T11?, M-P: QV-4112 ?T13?. A, E, I and M: Cranial view, B, F,J and N: Caudal view, 
C, G, K and O: Left lateral view, D, H, L and P: Dorsal view.
cdap: Caudal articular process, cdcf: Caudal costal fovea, crap: Cranial articular process, crcf: Cranial costal fovea, m: Mammillary process, map: 


























































































































































































Fig. 5. Second lumbar vertebra of Sinomegaceros 

















































































Fig. 7. Scapulae of Sinomegaceros yabei from Kumaishi-do Cave.









































































































Fig. 8. Humeri of Sinomegaceros yabei from Kumaishi-do Cave.






















































Fig. 9. Radii of Sinomegaceros yabei from Kumaishi-do Cave.
A and B: QV-4045+M-076 ?left radius?. C and D: M-077 ?right radius?, E and F: 





















































































Fig. 11. Carpals of Sinomegaceros yabei 
from Kumaishi-do Cave ?M-108: right 




Fig. 10. Ulna of Sinomegaceros yabei 

























13．第Ⅲ･Ⅳ中手骨?Metacarpal ? et ??????
???
? ??QV-4051, QV-4052, QV-4053, QV-4054, QV-

























Fig. 12. Metacarpal of Sinomegaceros yabei from Kumaishi-do Cave ?QV-4053: 





































































































???medial labium of femoral trochlea?????????????????????????????????????
?13?????????????????QV-4057??
????
Fig. 13. Coxa of Sinomegaceros yabei from Kumaishi-do 
Cave ?QV-4057: left coxa?.
???????????????????40



















































Fig. 14. Femurs of Sinomegaceros yabei from Kumaishi-do Cave. 














































































































???????????????????????????????lateral labium of distal trochlea??????????
?????????????????????????????????????????????????????
????medial tooth?????????????????????????medial labium of distal trochlea???????
??????????????????????????????????????????????????????
????????????
























Fig. 16. Talus of Sinomegaceros 
yabei from Kumaishi-do Cave 






































Fig. 17. Calcanei of Sinomegaceros 
yabei from Kumaishi-do Cave 






























Fig. 18. Naviculocuboids of Sinomegaceros yabei from Kumaishi-do Cave. 
















20．第Ⅲ・Ⅳ中足骨?Metatarsal ? et ?????????












































































21．第Ⅲ・第Ⅳ指／趾　基節骨 ?Proximal phalanges ? et ??









Fig. 19. Metatarsal of Sinomegaceros yabei from Kumaishi-do Cave 


































Fig. 20. Proximal phalanges of Sinomegaceros yabei from Kumaishi-do Cave. 













22．第Ⅲ・第Ⅳ指／趾　中節骨?Middle phalanges ? et ??




























Fig. 21. Middle phalanges of Sinomegaceros 
yabei from Kumaishi-do Cave. 
A and C: M-113 ?fourth digit of the left 





































Fig. 22. Distal phalanges of Sinomegaceros yabei from Kumaishi-do 
Cave. 
A-C: QV-4098 ?unknown manus or pes / right or left?, D: M-118 
?third digit of the left manus?.
???????????????????????????????2? 51
Subfamily Odocoileinae Pocock, 1923
Tribe Alceini Brookes, 1828
Genus Alces Gray, 1821
ヘラジカ
Alces alces ?Linnaeus, 1758?
 










































Fig. 23. Humerus of Alces alces 




Fig. 24. Radius of Alces alces from 



















































Fig. 27. Femur of Alces alces from 





Fig. 28. Tibia of Alces 
alces from Kumaishi-




Fig. 26. Coxa of Alces alces from Kumaishi-do Cave 
?M-086: right coxa?. 
?25?????????????M-
074??????
Fig. 25. Ulna of Alces alces  from 


















































Fig. 29. Calcaneus of Alces alces from Kumaishi-do Cave ?QV-









































Fig. 31. Metatarsals of Alces alces from Kumaishi-
do Cave. 
A and C: QV-4074 ?left metatarsal ? et ??, B: 
QV-4787 ?left metatarsal ? et ??.
?30????????????????QV-4082?????????











































Fig. 32. Proximal phalanx of Alces alces from 




Fig. 33. Middle phalanx of Alces alces from 






????????????????????????????Pfeiffer ?1999??Megaloceros giganteus?Alces latifrons?







? ????????????????1?H/GB?H/GL? QV-4100????????????wing of atlas??????
?????????????????????????????????????????????????Breda



































?34???????????????????????????   
A，C，E?S. yabei ?QV-4100??B，D，F?A. alces????A???????????
??20?????????
Fig. 34. Comparison between the atlas of Sinomegaceros yabei and that of extant Alces alces.
A, C and E: S. yabei ?QV-4100?. B, D and F: A. alces ?Osawa-A?. The numbers in the figures 
correspond to those in the text and Appendix Table 20
???????????????????????????????2? 57


















































A?B?S. yabei?M-051??C?A. alces????A??D?Alces/Celvalces?by Breda, 2005??
A?C???????????21?????????
Fig. 35. Comparison between the axis of Sinomegaceros yabei and that of extant Alces alces.
A and B: S. yabei ?M-051?, C: A. alces ?Osawa-A?, D: Alces/Celvalces ?By Breda, 2005?. 



































Fig. 36. Comparison of the third to seventh cervical vertebrae of Sinomegaceros yabei with those of extant Alces alces ?next page?.
A, K and S: M-052, B, C, M and W: M-054, D, N and Y: M-055, L and U: M-053?E and ?A?: M-056, F-J and O, Q, R, T, X, Z and ?B?: Osawa-A, 
P and V: Osawa-B?A, B, F and G: Dorsal view?C, D, H and I: Ventral view?E and J: Caudal view, K-R: Right lateral view. S-Z, ?A? and ?B?: 
Outlines of the vertebral caput and the vertebral fossa. C3-C7: Third to seventh cervical vertebrae. The numbers in the figures correspond to those used 
in the text and Appendix Table 22.
?1?????????????????????????
T1−T13??1??13??????????????
Table 1.  Number of the thoracic vertebrae of Sinomegaceros yabei from Kumaishi-do Cave and separation into the individuals.
T1 - T13: First to thirteenth thoracic vertebrae. The numbers in the table are the specimen numbers?









rs 1 QV-4104?QV-4106 QV-4109 QV-4110+4114 QV-4107 QV-4111 QV-4112




















































Fig. 37. Comparison of the thoracic vertebrae of Sinomegaceros yabei with those of extant Alces alces ?next page?.
S. yabei: A, I, Q, R ?QV-4102?, B and J ?QV-4108?, C and K ?QV-4107?, D and L ?QV-4112?. A. alces: E-H, M-P and S-Z ?Osawa-A?. A-H: Cranial 
view, I-P: Left lateral view, Q, S and U-W: A part of dorsal view, R, T and W-Z: A part of ventral view. Q-Z cranial side face to downward. The articular 
surfaces of the cranial articular process and the caudal articular process are colored with gray in Q-Z. T1-T13: First to thirteenth thoracic vertebrae. The 






























Fig. 38. Comparison of the second lumbar vertebra of Sinomegaceros yabei with that of extant Alces alces.



















Fig. 39. Comparison of the sacrum 
of Sinomegaceros yabei with that of 
extant Alces alces.
A  and C :  QV-4121,  B  and D : 
Osawa-B. The numbers in the figures 
correspond to those used in the text 




















































???B?D?A. alces????A, ?????????F?A. alces?NMRV
?50??????????????????26?????????
Fig. 40. Comparison between the scapulae of Sinomegaceros yabei and those of 
extant Alces alces.
A and C: S. yabei ?QV-4035: left scapula?, E: S. yabei ?QV-4037: right 
scapula?, B and D: A. alces ?Osawa-A: right scapula, inverted?, F: A. alces 
?NMRV-50: right scapula?. The numbers in the figures correspond to those in the 






























































? ????????????????????????41?C?D?G?H?? QV-4041, QV-4043, M-067???????
?medial epicondyle????????????????????????????8a???????????????
???????????????????8b?? 




? ??????????????41?A?B???????????????????????QV-4041, QV-4042, QV-





















Fig. 41. Comparison between 
the humeri of Sinomegaceros 
yabei and that of extant 
Alces alces.
A, C and E: S. yabei ?QV-4043: 
right humerus?, G: S. yabei 
?QV-4041: left humerus, 
inverted?, B, D, F and H: 
A. alces ?Osawa-A: right 
humerus?.  The numbers 
in the figures correspond 

























Fig .  42 .  Compar i son  be tween  the  r ad i i  o f 
Sinomegaceros yabei and those of extant Alces alces.
A and C: S. yabei ?QV-4045+M-076: left radius?, E, 
G, I and K: S. yabei ?M-077: right radius, inverted?. 
B, D, J and L: A. alces ?Osawa-A: right radius, 
inverted?. F and H: A. alces ?NMRV-50: right radius, 
inverted?. The numbers in the figures correspond to 















??????????????????????lateral collateral ligament??????3a???M. giganteus????
???????????????????????????????????????????????????


























































































Fig. 43. Comparison between the ulna of 
Sinomegaceros yabei and that of extant 
Alces alces.
A: S. yabei ?QV-4050: left ulna?, B: A. 
alces ?Osawa-A: right ulna, inverted?. The 
numbers in the figures correspond to those 




































Fig. 44. Comparison between the carpals of Sino-
megaceros yabei and those of extant Alces alces.
A: S. yabei ?M-108: right scaphoid?, B: S. yabei 
?M-109: right trapezoideocapitate?,  C: A. alces 
?Osawa-A: right scaphoid?, D: A. alces ?Osawa-A: 
right trapezoideocapitate?. The numbers in the figures 








Fig. 45. Comparison between the metacarpal ? et ? of 
Sinomegaceros yabei and that of extant Alces alces.
A, C, E and G: S. yabei ?QV-4053: right metacarpal ? et 
??, B, D, F and H: A. alces ?Osawa-A: right metacarpal 
? et ??. The numbers in the figures correspond to those 
in the text and Appendix Table 32.
???????????????????????????????2? 71


















??11???????????????????????????Pfeiffer ?1999??Breda ?2005???M. giganteus
????????????????????????????????????????????




? ????????????????????45?G?H???????????????????QV-4051, QV-4052, 
QV-4053?????????????????????????????????intertrochlear incisure?????
??????8a????????????????????????????????????Pfeiffer, 1999; Breda, 
2005?????8b????3?????????????????????
? ????????????????????45?E?F??QV-4051, QV-4052, QV-4053?????????????
???????????????????????9a???????????????????????????
??9b??







? M. giganteus???????intertrochlear incisure???????????????????????????????
??????????????????????????










































? ?????????????47?A?B??Breda?2005???M. giganteus???????????medial labium of 










Fig. 46. Comparison between the coxa of Sino-
megaceros yabei and that of extant Alces alces.
A: S. yabei ?QV-4057: left coxa?, B: A. alces 
?Osawa-A: right coxa, inverted?. The numbers 























A?D?S. yabei?QV-4063???????C?S. yabei?QV-4062???????B?E?A. alces????A: ???????????????
??34????????? 
Fig. 47. Comparison between the femurs of Sinomegaceros yabei and that of extant Alces alces.
A and D: S. yabei ?QV-4063: right femur?, C: S. yabei ?QV-4062: right femur?, B and E: A. alces ?Osawa-A: right femur?. The numbers in the figures 




















Fig. 48. Comparison between the tibia of Sino-
megaceros yabei and that of extant Alces alces.
A, C, E, G, I, K, M and O: S. yabei ?QV-4066: 
right tibia?. B, D, F, H, J, L, N and P: A. alces 
?Osawa-A: right tibia?. The numbers in the figures 


































































?????????Breda ?2005? ??M. giganteus?????????????????????????????
?????????????????????
? ??????????????????????????????49?A?B?C?D??????????????

















Fig. 49. Comparison between the talus of Sinomegaceros 
yabei and that of extant Alces alces.
A, C and E: S. yabei ?QV-4076: left talus?. B, D and F: A. 
alces ?Osawa-A: right talus, inverted?. The numbers in the 






































Fig. 50. Comparison between the 
calcanei of Sinomegaceros yabei 
and that of extant Alces alces.
A, C and G: S. yabei ?QV-4075: 
left calcaneus?. E: S. yabei ?QV-
4078+M-103: right calcaneus?. B, 
D, F and H: A. alces ?Osawa-A: 
right calcaneus; B, D and H 
inverted?. The numbers in the 
figures correspond to those in the 










? ????????????????????lateral labium of proximal trochlea????????????????50?
A?B?C?D??????????????????????????????????????4b??QV-4075?
???QV-4078+M-103???????? Breda ?2005???? 5?????????????M. giganteus????
???????????

















































? ?????????QV-4084?M-106,  M-107?3??????????????????QV-4077? QV-4080???
??????????????QV-4082????????????????????? -A???????????
????????????????????????30??


























Fig .  51 .  Compar i son  be tween  the 
naviculocuboid of Sinomegaceros yabei 
and that of extant Alces alces.
A, C, E and G: S. yabei ?QV-4084: right 
naviculocuboid?. B, D, F and H: A. alces 
?Osawa-A: right naviculocuboid?. The 
numbers in the figures correspond to those 
























?????2?3????2b????4?????????? Breda ?2005??M. giganteus????????????
????????????????????????????????????????8???????????















Fig. 52. Comparison between 
the metatarsal of Sinomegaceros 
yabei and that of extant Alces 
alces.
A, C, E and G: S. yabei ?QV-
4070: left metatarsal ? et ? , B, 
D, F and H: A. alces ?Osawa-A: 
right metatarsal ? et ? , inverted?. 
The numbers  in  the  f igures 
















































21．第Ⅲ・第Ⅳ指／趾　基節骨?Proximal phalanges ? et ??











































Fig. 53. Comparison between 
t h e  p r o x i m a l  p h a l a n g e s  o f 
Sinomegaceros yabei and those of 
extant Alces alces.
A and B: S. yabei ?QV-4085: 
fourth digit of the right manus?, C 
and D: S. yabei ?QV-4086: third 
digit of the left pes?, E and F: A. 
alces ?Osawa-A: third digit of the 
right manus, inverted?. G and H: 
A. alces ?Osawa-A: third digit 
of the right pes, inverted?. The 
numbers in the figures correspond 





























































































Fig. 54. Comparison between the middle 
phalanges of Sinomegaceros yabei and those 
of extant Alces alces.
A and B: S. yabei ?M-113: fourth digit of the 
left manus?, C and D: S. yabei ?QV-4095: 
fourth digit of the left pes?, E and F: A. alces 
?Osawa-A: third digit of the right manus, 
inverted?. G and H: A. alces ?Osawa-A: third 
digit of the right pes, inverted?. The numbers 
in the figures correspond to those in the text 


































?????????????????????73.5×55.2mm???????????????Shikama and Okafuji 
?1958?????????????????????????????????????????339mm??????
?55????????????????????????????
A−C?S. yabei ?QV-4098???????D?S. yabei ?M-118???????????E−G?A. alces????A????????H−J?????
A???????????????????42?????????
Fig. 55. Comparison between the distal phalanges of Sinomegaceros yabei and those of extant Alces alces.
A-C: S. yabei ?QV-4098: manus or pes unknown?, D: S. yabei ?M-118: third digit of the left manus, inverted?, E-G: A. alces ?Osawa-A: third digit of 


























??????76×50mm????Shikama and Okafuji ?1958??????????????????????????×??
????67.2×42.0mm?????????????Shikama and Tsugawa ?1962???????????????????
???372mm???????×?????????54.8×58.4mm???????×?????????64.8×42mm????
???????????????????????????????1975?????????????????????
?????????×????34.9×38.7mm??????????????Shikama and Takayasu ?1971??Sinomegaceros 
sp.??????????????????????327mm???????×?????????52.4×56.8mm?????













































?????????????50,000 yr. B. P.?T7?????????33,000 yr. B. P.?????????????????
2004?????????????????????????????????????
???????????????F4??????16,720±880 yr. B. P.?14C???????????????1982???












??S. pachyosteus???????Teilhard de 


















































????Shikama and Okafuji, 1958??YK????????
??????QV-4045?M-076??
Fig. 56?Scatter diagram showing the greatest length?GL? against 
the greatest breadth of the distal end?Bd? in the radii of the giant 
deer species from Japan, China and Ireland.
Ellipse ?95% equiprobability ellipse?: Megaloceros giganteus 
from Ireland ?Lister, 1994?, F13: Sinomegaceros flabellatus 
from locality 13 of Choukoutien ?Teilhard de Chaldin and Pei, 
1941?, P1L: Median of the large-sized form of S. pachyosteus 
from locality 1 of Choukoutien ?Young, 1932?, P1S: Small-sized 
form of S. pachyosteus from locality 1 of Choukoutien ?Young, 
1932?, PN: S. pachyosteus from Nanjing?Huang et al., 1996?, 
YH: S. yabei from Husen-ana ?Shikama and Okafuji,1958; 













Fig. 57: Scatter diagram showing the greatest length ?GL? against 
the greatest breadth of the distal end ?Bd? in the metacarpi of the 
giant deer species from Japan, China and Ireland.
Ellipse ?95% equiprobability ellipse?: Megaloceros giganteus 
from Ireland ?Lister, 1994?, F13: Sinomegaceros flabellatus 
from locality 13 of Choukoutien ?Teilhard de Chaldin and Pei, 
1941?, P1L: Largest-sized form of S. pachyosteus from locality 
1 of Choukoutien ?Young, 1932?, P1S: smallest-sized form of S. 
pachyosteus from locality 1 of Choukoutien ?Young, 1932?, PN: 
S. pachyosteus from Nanjing ?Huang et al., 1996?, YK: S. yabei 
from Kumaishi-do Cave ?QV-4051, 4052, 4053?QV-4051 and 
QV-4052 showing the same value?, YN: S. yabei from Nojiri-ko 






Sinomegaceros flabellatus ?Teilhard de Chaldin,1936??F13?






4070??YS??????????????Shikama and Takayasu, 
1971?
Fig. 58. Scatter diagram showing the greatest length?GL? against 
the greatest breadth of the distal end?Bd? in the metatarsi of the 
giant deer species from Japan, China and Ireland.
Ellipse ?95% equiprobability ellipse?: Megaloceros giganteus 
from Ireland ?Lister,1994?, F9: Sinomegaceros flabellatus from 
locality 9 of Choukoutien ?Teilhard de Chaldin, 1936?, F13: S. 
flabellatus from locality 13 of Choukoutien ?Teilhard de Chaldin 
and Pei, 1941?, P1L: Large-sized form of S. pachyosteus from 
locality 1 of Choukoutien ?Young,1932?, P1S: Small-sized form 
of S. pachyosteus from locality 1 of Choukoutien ?Young, 1932?, 
PN: S. pachyosteus from Nanjing ?Huang et al., 1996?, YJ: S. 
yabei from Kamikuroiwa ?Shikama and Tsugawa, 1962?, YK: S. 
yabei from Kumaishi-do Cave ?QV-4051,4052,4053?, YS: S. sp. 
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 1: Dorsal view, 2: Ventral view, 3: Cranial view, 4: Caudal view.
5-8: Axis ?M-051?.
 5: Right lateral view, 6: Left lateral view, 7: Dorsal view, 
 8: Cranial view.
9-13: Third cervical vertebra ?M-052?.
 9: Cranial view, 10: Caudal view, 11: Right lateral view, 
 12: Ventral view, 13: Dorsal view.
14-17: Fourth cervical vertebra ?M-053?.
 14: Cranial view, 15: Right lateral view, 16: Ventral view, 
 17: Dorsal view.
18-23: Fifth cervical vertebra ?M-054?.
 18: Cranial view, 19: Caudal view, 20: Right lateral view, 
















1-3: Sixth cervical vertebra ?M-055?.
 1: Ventral view , 2: Right lateral view, 3: Cranial view. 
4-8: Seventh cervical vertebra ?M-056?.
 4: Cranial view, 5: Caudal view, 6: Left lateral view, 7: Dorsal view, 
 8: Ventral view.
9-12: Second thoracic vertebra ?QV-4102?.
 9: Cranial view, 10: Caudal view, 11: Left lateral view, 12: Dorsal view.
13-16: Fourth or fifth or sixth thoracic vertebra ?QV-4104?.
 13: Cranial view, 14: Caudal view, 15: Left lateral view, 
 16: Dorsal view.
17-20: Fifth or sixth or seventh thoracic vertebra ?QV-4106?.
 17: Cranial view, 18: Caudal view, 19: Left lateral view, 















1-4: Sixth or seventh thoracic vertebra ?QV-4108?.
 1: Cranial view, 2: Caudal view, 3: Left lateral view, 4: Dorsal view.
5-8: Ninth thoracic vertebra ?QV-4109?.
 5: Cranial view, 6: Caudal view, 7: Left lateral view, 8: Dorsal view.
9-12: Eleventh thoracic vertebra ?QV-4107?.
 9: Cranial view, 10: Caudal view, 11: Left lateral view, 
 12: Dorsal view.
13-16: Twelfth thoracic vertebra ?QV-4111?.
 13: Cranial view, 14: Caudal view, 15: Right lateral view, 
 16: Dorsal view.
17-20: Thirteenth thoracic vertebra ?QV-4112?.
 17: Cranial view, 18: Caudal view, 19: Left lateral view, 
















1-4: First lumber vertebra ?QV-4115?.
 1: Cranial view, 2: Caudal view, 3: Left lateral view, 4: Dorsal view.
5-8: Second lumber vertebra ?QV-4116?.
 5: Cranial view, 6: Caudal view, 7: Left lateral view, 8: Dorsal view.
9-12: Third lumber vertebra ?QV-4117?.
 9: Cranial view, 10: Caudal view, 11: Right lateral view, 
 12: Dorsal view.
13-16: Fourth? lumber vertebra ?QV-4118?.
 13: Cranial view, 14: Caudal view, 15: Right lateral view, 
 16: Dorsal view.
17-20: Fifth? lumber vertebra ?QV-4125?.
 17: Cranial view, 18: Caudal view, 19: Right lateral view, 















 1: Cranial view, 2: Left lateral view, 3: Dorsal view, 4: Ventral view.
5-6: Right scapula ?QV-4037?.
 5: Cranial view, 6: Caudal view.
7-9: Left scapula ?QV-4035?.
 7: Lateral view, 8: Distal view, 9: Medial view.
10-14: Right humerus ?QV-4043?.
 10: Caudal view, 11: Lateral view, 12: Medial view, 


















1-3: Left radius ?QV-4045+M-076?.
 1: Cranial view, 2: Lateral view, 3: Proximal view.
4-6: Right radius ?M-077?.
 4: Medial view, 5: Caudal view, 6: Distal view.
7-8: Left ulna  ?QV-4050?.
 7: Cranial view, 8: Lateral view.
9-10: Right scaphoid ?M-108?.
 9: Distal view, 10: Lateral view.
11-12: Right trapezoideocapitate ?M-109?.
 11: Proximal view, 12: Distal view
13-16: Left metacarpal III et IV ?QV-4051?.
 13: Proximal view, 14: Dorsal view, 15: Lateral view, 16: Palmar view. 










1: Left coxa ?QV-4057+ QV-4058?: Ventolateral view.
2: Right femur ?QV-4062?: Proximal view.
3-6: Right femur ?QV-4063?.
















1-6: Left tibia ?QV-4066?.
 1: Medial view, 2: Cranial view, 3: Caudal view, 4: Lateral view, 
 5: Distal view, 6: Proximal view.
7-10: Left talus ?QV-4076?.
 7: Medial view, 8: Dorsal view, 9: Plantar view, 10: Lateral view.
11-14: Left calcaneus ?QV-4075?.
 11: Medial view, 12: Dorsal view, 13: Plantar view, 14: Distal view.
15: Right calcaneus ?QV-4078?: Plantar view.
16: Left naviculocuboid ?QV-4077?: Proximal view.
17: Right naviculocuboid ?QV-4084?.



























1-5: Left metatarsal III et IV ?QV-4070?
 1: Proximal view, 2: Medial view, 3: Dorsal view, 4: Lateral view, 
 5: Plantar view.
6-8: Proximal phalanx of the fourth digit of the right manus ?QV-4085?.
 6: Dorsal view, 7: Axial view, 8: Palmar view.
9: Proximal phalanx of the fourth digit of the left pes ?QV-4087?: 
Dorsal view.
10-11: Proximal phalanx of the third digit of the left pes ?QV-4087?.
 10: Axial view, 11: Plantar view.
12-13: Middle phalanx of the third digit of the right manus ?M-113?.
 12: Dorsal view, 13: Axial view.
14-15: Middle phalanx of the fourth digit of the left pes ?QV-4095?.
 14: Dorsal view, 15: Axial view.
16-18: Distal phalanx ?QV-4098?.
 16: Dorsal view, 17: Abaxial view, 18: Proximal view.
???????????????????96
Alces alces ?Linnaeus?
19: Left humerus ?M-072?: Caudal view
20-21: Right radius ?M-078?.
 20: Lateral view, 21: Cranial view.
22-23: Left ulna ?M-074?.
 22: Cranial view, 23: Lateral view.
24-25: Right coxa ?M-086?.





















1-4: Right femur ?M-088?.
 1: Lateral view, 2: Dorsal view, 3: Medial view, 4: Caudal view.
5-8: Right Tibia ?M-093?.
 5: Lateral view, 6: Dorsal view, 7: Medial view, 8: Caudal view.
9-10: Left calcaneus ?QV-4081?.
 9: Medial view, 10: Dorsal view.
11-14: Left naviculocuboid ?QV-4082?.
 11: Proximal view, 12: Distal view, 13: Dorsal view, 14: Lateral view.
15-18: Left metatarsal III et IV ?QV-4074?.
 15: Medial view, 16: Dorsal view, 17: Lateral view, 18: Caudal view.
19-20: Left metatarsal III et IV ?QV-4787?.
 19: Dorsal view, 20: Caudal view.
21-23: Proximal phalanx of the fourth digit of the left pes ?QV-4088?.
 21: Axial view, 22: Dorsal view, 23: Abaxial view.
24-25: Middle phalanx of the fourth digit of the left pes ?QV-4097?.













???1?17????????von den Driesch ?1976??????????????????????????????
????????
?Note for the measuring method?
 The measuring methods shown in Appendix Figures 1 to 17 follow those of von den Driesch ?1976?, but some parameters are also 




Appendix Fig.1. Measuring method for the atlas of Sinomegaceros yabei and Alces 
alces.
BFcr/cd: Greatest breadth of the cranial/caudal articular fovea, GB: Greatest breadth 
over the wings, GL: Greatest length, GLF: Greatest length from the cranial articular 








Appendix Fig.2. Measuring method for the axis of 
Sinomegaceros yabei and Alces alces. 
BD: Breadth across the dens, BFcr/cd: Greatest 
breadth of the vertebral caput/fossa, BPacd: Greatest 
breadth across the caudal articular processes, BPtr: 
Greatest breadth across the transversal processes, H: 
Greatest height, HFcr: Greatest height of the vertebral 
caput measured dorsoventrally along the surface, 
LAPa: Greatest length of the arch including the caudal 
articular process, LCDe: Greatest length in the region 
of the corpus including the dens, SBV: Smallest 















Appendix Fig.3. Measuring method for 
the third to the seventh cervical vertebrae, 
thoracic vertebrae and lumber vertebrae of 
Sinomegaceros yabei and Alces alces.
BFcr/cd: Greatest breadth of the vertebral 
caput/fossa ?in the thoracic vertebrae including 
the facets for the head of the rib?, BFv: Breadth 
of the vertebral foramen ?in the thoracic and 
lumbar vertebrae?, BPacr/cd: Greatest breadth 
across the cranial/caudal articular processes 
?in the cervical and lumbar vertebrae?, BPco 
Greatest breadth across the costal processes ?in 
the lumber vertebrae?, BPtr: Greatest breadth 
across the transverse processes ?in the cervical 
and thoracic vertebrae?, GLPa: Greatest length 
from the cranial articular process to the caudal 
articular process ?in the cervical and lumbar 
vertebrae?, H: Greatest height, HFcr/cd: 
Greatest height of the vertebral caput/fossa ?in 
the thoracic vertebrae including the facets for 
the head of the rib?, PL: Physiological length 
of the body: measured between the centers of 
the vertebral caput and that of the vertebral 
fossa, TAv: Smallest thickness of the vertebral 
arch under the cranial articular process ?in the 
lumbar vertebrae?, TPs: Smallest thickness of 








Appendix Fig.4. Measuring method for the sacrum of 
Sinomegaceros yabei and Alces alces.
BFcr/cd: Greatest breadth of the vertebral caput/
fossa ?in thoracic vertebrae including the facets for 
the heads of the ribs?, GB: Greatest breadth across 
the sacral alas, GL: Greatest length of the ventral side 
measured from the cranial borders of the alas to the 
caudoventral border of the body of the fifth vertebra, 
HFcr/cd: Greatest height of the vertebral caput/fossa, 
PL: Physiological length, measured between the 
centers of the vertebral caput of the first sacral vertebra 










Appendix Fig.5. Measuring method for the scapula of Sino-
megaceros yabei and Alces alces.
Bdi ?GLP?: Greatest breadth of the distal part, BG: Breadth the 
glenoid cavity, DL ?DHA?: Diagonal length: from the most distal 
point of the scapula to the caudal angle, HS: Greatest height of 
the scapular spine: from the subscapular fossa to the highest point 
of the spine, Ld: Greatest dorsal length, Ldi: Greatest length of 
the distal part: from the distal end to the most proximal point of 
the distal margin of the spine along the spine, LG: Length of the 
glenoid cavity, LS ?HS?: Length along the spine, SLC: Smallest 





Appendix Fig.6. Measuring method for the humerus of Sinomegaceros yabei 
and Alces alces.
BD ?SD?: Smallest breadth of the corpus, Bd: Greatest breadth of the distal 
end, Bp: Greatest breadth of the proximal end, BT: Greatest breadth of the 
trochlea, DT: Greatest diameter of the trochlea, GL: Greatest length, GLC: 
Greatest length from the caput, SLD: Sagittal length of the corpus measured 







Appendix Fig.7. Measuring method for the radius of 
Sinomegaceros yabei and Alces alces.
BD ?SD?: Smallest breadth of the corpus, Bd: Greatest 
breadth of the distal end, BFd: Greatest breadth of the 
distal articular surface, BFp: Greatest breadth of the 
proximal articular surface, Bp: Greatest breadth of the 






Appendix Fig.8. Measuring method for the scaphoid and he trapezoideo-
capitate of Sinomegaceros yabei and Alces alces.








Appendix Fig.9. Measuring method for the metacarpal III et IV and metatarsal 
III et IV of Sinomegaceros yabei and Alces alces.
BD ?SD?: Smallest breadth of the corpus, Bd: Greatest breadth of the distal 
end, Bp ?metacarpals?: Greatest breadth of the proximal end at a right angle 
to GL, Bp ?metatarsals?: Greatest breadth of the proximal end at a right angle 
to GL and the medial margin, CD: Smallest circumference of the corpus, 
GL: Greatest length, SLD ?DD?: Smallest sagittal length of the corpus, SLd 
?Dd?: Greatest sagittal length of the distal end, SLp ?Dp? ?metacarpals?: 
Greatest sagittal length of the proximal end at a right angle to GL, SLp ?Dp? 
?metatarsals?: Greatest sagittal length of the proximal end at a right angle to 













Appendix Fig.10. Measuring method for the coxa of 
Sinomegaceros yabei and Alces alces.
DA: Greatest depth of the acetabulum without the 
acetabular fossa measured in a right angle to the 
plane composed with the highest three points of 
the acetabular lip, GL: Greatest length of one half, 
LA: Sagittal diameter of the acetabulum including 
the lip, LAR: Sagittal diameter of the acetabulum 
without the lip, LFo: Inner length of the obturator 
foramen, LIs: Length of the iliac corpus measured 
from the caudal end of the auricular surface to the 
cranial end of the acetabulum along the long axis of 
the iliac corpus, LS: Length of the symphysis, SB: 
Smallest breadth of the iliac corpus, SC: Smallest 
circumference of the iliac corpus, SH: Smallest 







Appendix Fig.11. Measuring method for the femur of Sinomegaceros 
yabei and Alces alces.
AIC :  Angle  between the  long axis  of  the  corpus and the 
intertrochanteric crest, BD ?SD?: Smallest breadth of the corpus, Bd: 
Greatest breadth of the distal end, Bp: Greatest breadth of the proximal 
end, CD: Smallest circumference of the corpus, DC: Greatest sagittal 
diameter of the femoral caput, GL: Greatest length, GLC: Greatest 









Appendix Fig.12. Measuring method for the tibia of Sino-
megaceros yabei and Alces alces.
BD ?SD?: Smallest breadth of the corpus measured parallel to the 
frontal plane, Bd: Greatest breadth of the distal end, Bp: Greatest 
breadth of the proximal end, GL: Greatest length, CD: Smallest 
circumference of the corpus, SLD: Smallest sagittal length of the 
corpus measured parallel to the sagittal plane, SLd ?Dd?: Greatest 
sagittal length of the distal end, SLp ?Dp?: Greatest sagittal 
length of the proximal end measured in a right angle to the long 
axis of the bone and the line passing the caudal end of the medial 
condyle and the lateral condyle.
??13??????????????????????
Bd????????GLl?????????GLm?????????SLl?Dl??????????SLm?Dm??????????
Appendix Fig.13. Measuring method for the talus of Sinomegaceros yabei and Alces alces.
Bd: Greatest breadth of the distal end, GLl: Greatest length of the lateral half, GLm: Greatest length of the medial half, SLl ?Dl?: Greatest sagittal length 









Appendix Fig.14. Measuring method for the calcaneus of 
Sinomegaceros yabei and Alces alces.
GB: Greatest breadth, GBT: Greatest breadth of the 
calcaneal tuberosity measured in the right angle to the 
sagittal plane, GH: Greatest height measured parallel to 
the sagittal plane and in a right angle to the line passing 
the plantar end of the calcaneal corpus and the calcaneal 
tuberosity, GHT: Greatest height of the calcaneal tuberosity 
measured parallel to GH, GL: Greatest length, SBC: 
Smallest breadth of the calcaneal corpus measured in the 
right angle to the sagittal plane, SHC: Smallest height of the 





Appendix Fig.15. Measuring method for the naviculocuboid of 
Sinomegaceros yabei and Alces alces.
GB: Greatest breadth, GSL: Greatest sagittal length measured in a right 
angle to the tangent plane for the dorsal surface, Ll: Smallest length at 
the lateral margin from the articular surface to the distal trochlea of the 










Appendix Fig.16. Measuring method for the proximal and 
the middle phalanx of Sinomegaceros yabei and Alces alces.
BD ?SD?: Smallest breadth of the corpus, Bd: Greatest 
breadth of the caput, Bp: Greatest breadth of the base, 
GLpe: Greatest length of the abaxial half, SLD: Smallest 
sagittal length of the corpus measured parallel to the sagittal 
plane, SLd: Greatest sagittal length of the caput measured at 
a right angle to the long axis of the bone and the line passing 
through the plantar end of the axial and the abaxial half of 
the caput, SLp ?Dp?: Greatest sagittal length of the base 







Appendix Fig.17. Measuring method for the distal phalanx of Sinomegaceros 
yabei and Alces alces.
Bp: Greatest breadth of the proximal end measured at a right angle to 
Gp, DLS: Greatest diagonal length of the sole, Gp: Greatest length of the 
proximal end measured along the ridge dividing the proximal articular 
surface, H: Height measured at a right angle from the palmar/ plantar surface 
to the highest point in the dorso-proximal part, Ld: Length of the dorsal 




Appendix Table 1. Measurements of the atlases of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces alces in mm.
For the measuring method see Appendix Fig. 1.
Taxon Sinomegaceros yabei 
?Kumaishi-do Cave? Alces alces ?extant?
Specimen number QV-4100 Osawa-A Osawa-B NMRV-47 NMRV-48 NMRV-50
GB 188 150 137 136 133 154
GL 143 118 102 105 102 106
BFcr 113 107 94 98 89 94
BFcd 119 86 87 93 89 93
GLF 126 86 86 82 76 78
H 81 82 71 69 77 76
H/GB 0.43 0.55 0.52 0.51 0.58 0.49 
H/GL 0.57 0.69 0.70 0.66 0.75 0.72 
??2???????????????????????????????mm??
???????????????????2????
Appendix Table 2. Measurements of the axes of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces alces in mm.
? : Not measurable. For the measuring method see Appendix Fig. 2.
Taxon Sinomegaceros yabei 
?Kumaishi-do Cave? Alces alces ?extant?
Specimen number M-051 Osawa-A Osawa-B NMRV-47 NMRV-48 NMRV-50
LCDe ? 117 110 110 115 111
LAPa ? 108 104 93 103 ?
BFcr 110 99 88 93 89 91
HFcr 64 59 53 51 55 ?
BPacd ? 87 74 71 71 ?
BPtr ? 115 97 91 91 95
SBV 78 59 48 53 49 48
BFcd ? 49 44 44 42 42
H ? 130 110 112 115 ?
BD 48 41 38 37 33 36
BFcr/SBV 1.41 1.68 1.83 1.75 1.82 1.90 
??3??????????????????????3??7??????????mm??
????????±?????C3−C7??3????7??????????????3????
Appendix Table 3. Measurements of the third to seventh cervical vertebrae of Sinomegaceros yabei from Kumaishi-do Cave and extant A. alces in mm.
? : Not measurable, ± : Approximate. C3-C7: Third to seventh cervical vertebrae. For the measuring method see Appendix Fig. 3.
Taxon Sinomegaceros yabei ?Kumaishi-do Cave? Alces alces ?extant?



















C3 C4 C5 C6 C7 C3 C4 C5 C6 C7
PL 112 111 105± 104 95 75 68 ? 65 62 63 59 58 51 54
GLPa ? ? 145± ? ? ? 99 ? 89 89 82 88 76 84 82
BPacr ? ? ? ? ? ? 92 ? 85 99 84 96 86 97 90
BPacd ? ? 105± ? ? ? 93 ? 76 97 81 96 89 85 80
BPtr ? ? ? ? ? ? 110 122 106 107 105 113 103 113 113
BFcr 49 47 42 47 42 42 38 38 37 37 36 33 32 39 33
BFcd ? ? ? ? ? ? 51 52 47 51 46 53 47 68 64
HFcr 56 57 55 60± ? 56 45 ? 39 45 39 45 42 51 44
HFcd 61 ? ? 66 ? ? 52 53 47 54 49 57 50 51 45
H ? ? ? ? ? ? 106 ? 79 95 82 122 111 184 155
PL/BFcr 2.29 2.36 ? 2.21 2.26 1.79 1.79 ? 1.76 1.68 1.75 1.79 1.81 1.31 1.64 





Appendix Table 4. Measurements of the thoracic vertebrae of Sinomegaceros yabei from Kumaishi-do Cave and extant A. alces in mm.
? : Not measurable, +: More than, ± : Approximate. The measurement values with " ×2 " are right or left half value. T1-T13: First to thirteenth thoracic 
vertebrae. For the measuring method see Appendix Fig. 3.


























T2 T3 T4 T4-T6 T5-T7 T6-T7 T9 T10 T11 T12 T13
Individual number 2 2 2 1 1 2 5 1 3 1 1 4 1 1
PL 61 59± 57 57± 55 56± ? 55 53 54 57 49 57 60
BPtr 127 57×2 ? 110 109 52×2 ? 96± 52×2 ? 93± ? 91± 104±
BFcr 57 ? 28×2 58 58 ? ? 51 53 ? 55 ? 72 84
BFcd 84 41×2 38.5×2 78± 76± 75± 38×2 65 ? ? 69± ? 76 59
HFc 46 ? 42 42 46 ? ? 45 47± ? 49 ? 49 49
HFcd ? ? ? 50± 50± ? ? 48 ? ? 49± ? 49 52±
H 251+ ? ? 174+ 177+ ? ? 152+ ? ? 142+ ? 142+ 117+
BFv 35 33 ? 29 28 28 ? 25 27 ? 26 23 28 26
BPtr/BFv 3.63 3.45 ? 3.79 3.63 3.71 ? 3.84 3.85 ? 3.58 ? 3.25 4.00 
BFcr/BFv 1.63 ? ? 2.00 2.07 ? ? 2.04 1.96 ? 2.12 ? 2.57 3.23 
Taxon Alces alces ?extant? 
Specimen number Osawa-A
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13
PL 47 45± 49 48 51 52 52 53 52 53 54 55 56
BPtr 112 99 97 92 88 87 88 88 92 94 96 97 97
BFcr 61 56 47 47 46 52 49 46 43 43 46 53 54
BFcd 59 64 71 71 71 68 68 60 59 58 60 64 48
HFc 47 44 42 41 40 37 37 37 38 38 41 41 44
HFcd 45 42 44 48 49 47 48 46 45 43 41 40 43
H 243 227 240 239 226 211 187 160 141 126 115 113 111
BFv 26 22 20 20 19 20 19 19 18 18 19 20 20
BPtr/BFv 4.31 4.50 4.85 4.60 4.63 4.35 4.63 4.63 5.11 5.22 5.05 4.85 4.85 
BFcr/BFv 2.35 2.55 2.35 2.35 2.42 2.60 2.58 2.42 2.39 2.39 2.42 2.65 2.70 
Taxon Alces alces  ?extant? 
Specimen number Osawa-B
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13
PL 51 49 52 51 51 51 51 51 52 ? 52 53 54
BPtr 103 92 95 90 90 90 87 85 85 ? 83 87 88
BFcr 59 50 46 45 46 47 44 43 41 ? 42 43 53
BFcd 56 61 67 65 63 61 58 54 50 ? 53 57 43
HFc 42 39 38 38 36 36 36 37 36 ? 37 37 37
HFcd 42 39 40 40+ 43 43 42 44 43 ? 37 36 37





Appendix Table 5. Measurements of the lumbar vertebrae of Sinomegaceros yabei from Kumaishi-do Cave and extant A. alces in mm.
? : Not measurable, +: More than. The measurement values with " ×2 " are right or left half value. L1-L6: First to sixth lumbar vertebrae. For the 
measuring method see Appendix Fig. 3.




































L1 L2 L3 L4? L5? L1 L2 L3 L4 L5 L6
PL 62 64 65 65 66 ? 57 56 58 59 59 59 60 60 61 62 57 60
GLPa 89+ 101 102 108 ? ? 92 81 94 85 96 86 91 86 95 89 89 85
BPacr 29×2 68 74 74 ? 77 64 55 67 54 71 56 75 63 76 64 88 76
BPacd 45 49 51 53 27×2 32×2 37 34 39 32 43 36 45 40 51 44 59 54
BPco ? ? ? ? ? ? 150 140 100×2 186 109×2 212 125×2 ? 127×2 255 227 249
BFcr 28×2 60 57 57 ? 57 44 41 46 40 47 41 48 42 49 44 53 49
BFcd 61 63 ? ? ? ? 50 40 51 46 53 47 54 48 59 53 69 63
HFcr ? 60? 61 ? ? ? 46 44 49 42 47 41 46 41 45 40 39 38
HFcd 52 53 ? 51 ? ? 44 39 43 40 44 39 42 40 41 38 34 33
H 144+ 119+ 145+ 117+ ? 120+ 112 106 116 108 119 110 113 106 114 104 111 106
TPs 11 ? 8 ? ? 8 3 4 3 4 3 5 4 3 4 3 3 4
BFv 28 27 28 27 ? 35 20 21 20 20 21 21 24 23 30 29 34 33
TAv 15 15 17 17 ? 17 18 18 18 16 21 18 24 20 23 19 28 24
BPacr/BPacd 1.29 1.39 1.45 1.40 ? 1.20 1.73 1.62 1.72 1.69 1.65 1.56 1.67 1.58 1.49 1.45 1.49 1.41 
BFv/TAv 1.87 1.80 1.65 1.59 ? 2.06 1.11 1.17 1.11 1.25 1.00 1.17 1.00 1.15 1.30 1.53 1.21 1.38 
??6???????????????????????????????mm??
??????????????±????????????????4????
Appendix Table 6. Measurements of the sacra of Sinomegaceros yabei from Kumaishi-do Cave and extant A. alces in mm.
? : Not measurable, +: More than, ± : Approximate. For the measuring method see Appendix Fig. 4.
Taxon Sinomegaceros yabei ?Kumaishi-do Cave? Alces alces ?extant?












Appendix Table 7. Measurements of the scapulae of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces alces in mm.
R: Right scapula, L: Left scapula. ? : Not measurable, +: more than, ± : Approximate. For the measuring method see Appendix Fig. 5.























Right/Left L L R R L L R L L R R L R R L
LS ? ? 296+ ? ? ? ? ? ? ? 418 408 429 417 413
DL ? ? 316+ ? ? ? ? ? ? ? 418 408 428 416 411
Ld ? ? ? ? ? ? ? ? ? ? 251 231 247 230 220+
SLC 60 61 62 47 29 45 65 54 32 37± 58 52 54 51 52
Bdi 94 91+ 92+ ? ? ? ? ? ? ? 87 76 81 73 83
LG 70 ? ? ? ? ? ? ? ? ? 68 56 66 58 61
BG 67 ? 70 ? 40 ? ? 63± ? ? 59 53 58 47 55
HS ? 62+ 73 ? ? ? ? ? ? ? 59 53 50 47 50
Ldi 61 ? 65± ? ? ? ? 53+ ? 46+ 69 75 76 80 75
SLC/Ldi 0.98 ? 0.95± ? ? ? ? ? ? ? 0.84 0.69 0.71 0.64 0.69 
HS/SLC ? ? 1.18 ? ? ? ? ? ? ? 1.02 1.02 0.93 0.92 0.96 
??8???????????????????????????????????????????mm???????°??
R??????L??????????????????????????????????????6????*??39????
Appendix Table 8. Measurements of the humeri of Sinomegaceros yabei and Alces alces from Kumaishi-do Cave and extant A. alces ?length in mm and 
angle in degree?.
R: Right humerus, L: Left humerus. ? : Not measurable, +: More than, blank: Not measured. For the measuring method see Appendix Fig. 6. *: See Fig. 
39.






































Right/Left L L R L L R R R R R L L L R L R R L
GL  276+ ? ? ? ? ? ? ? ? ? ? ? ? 413 380 380 389 386
GLC ? ? ? ? ? ? ? ? ? ? ? ? ? 378 349 349 359 354
Bp ? ? ? ? ? ? ? ? ? ? ? ? ? 107 97 90 94 95
BD 38 47 48 33 45 28 44 39 48 30 38 31 39 36 33 31 36
SLD 42 51 51 36 53 31 51 44 55 31 44 ? 38 40 40 45
Bd 94 ? 99 ? ? ? ? 86 ? ? ? ? ? 89 82 82 73 80
BT 84 ? 88 ? ? ? ? 81 ? ? ? ? ? 84 77 72 65 68
DT ? ? 70 ? ? ? ? ? ? ? ? ? ? 66 59 59 54 57
Angle of 2a or 2b* 33 34 34 34 33 35 32 31 ? 34 ? 31 25 26 25 20 22




Appendix Table 9. Measurements of the radii of Sinomegaceros yabei and Alces alces from Kumaishi-do Cave and extant A. alces in mm.
R: Right radius, L: Left radius. ? : Not measurable, +: More than, ± : Approximate. For the measuring method see Appendix Fig. 7.
Taxon Sinomegaceros yabei ?Kumaishi-do Cave? Alces alces 






























Right/Left L L R L R L R L R R R R R
GL 391 ? ? 321+ ? ? 306+ ? 431 403 412 417 425
Bp 97 ? ? ? ? ? ? ? 81 72 73 68 75
BFp 85 ? ? ? ? ? ? ? 75 65 70 65 66
BD 52 41 53 45 ? 35 41 39 42 40 42 39 38
CD ? 117 ? 121 ? 108 112 113 124 ? 116 110 ?
Bd 86± ? 86± ? ? ? ? ? 78 70 72 66 70
BFd ? ? ? ? ? ? ? ? 70 58 67 62 63
GL/Bp 4.03 ? ? ? ? ? ? ? 5.32 5.60 5.64 6.13 5.67 
GL/BD 7.52 ? ? ? ? ? ? ? 10.26 10.08 9.81 10.69 11.18 
GL/Bd 4.55± ? ? ? ? ? ? ? 5.53 5.76 5.72 6.32 6.07 
??10???????????????????????????????????????mm??
R??????????????L????????????????????????????????8????
Table 10. Measurements of the scaphoids and the trapezoideocapitates of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces alces in mm.
R: Right scaphoid and trapezoideocapitate, L: Left scaphoid and trapezoideocapitate. Blank: Not measured. For the measuring method see Appendix Fig. 8.
Taxon Sinomegaceros yabei 
?Kumaishi-do Cave? Alces alces ?extant?
Scaphoid
Specimen number M-108 Osawa-A NMRV-47 NMRV-48 NMRV-50
Right/Left R R R R R
GL 43 39 37 36
GSL 57 44 46 44 41
GB 31 28 28 26 26
GSL/GL 1.33 1.18 1.19 1.14 
Trapezoideo-
capitate
Specimen number M-109 M-120 Osawa-A NMRV-47 NMRV-48 NMRV-50
Right/Left R L L R R R
GSL 46 48 41 38 35 37




Appendix Table 11. Measurements of the metacarpals III et IV and metatarsals III et IV of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces 
alces in mm.





































Right/Left L R R L L R L R L R L R R R R
GL 350 350 347 291+ 227+ 303+ 217+ 291+ ? 350 350 321 336 335 334
Bp 73 73 74 60+ 56 67+ ? ? ? ? 63 54 57 54 56
SLp 49 50 52 ? ? ? ? ? ? ? 42 38 39 35 38
BD 43 42 41 35 27 35 28 36 38 42 36 33 30 30 31
CD 134 131 130 111 ? 112 87 114 118 128 113 102 96 94 96
SLD 35 35 33 29 ? 30 23+ 31 30 33 29 26 23 21 24
Bd 73 73 73 ? ? ? ? ? ? ? 68 62 66 61 60
SLd 47 47 47 ? ? ? ? ? ? ? 42 38 41 37 38
GL/CD 2.61 2.67 2.67 ? ? ? ? ? ? 2.73 3.10 3.15 3.50 3.56 3.48 
M
etatarsal
Taxon Sinomegaceros yabei ?Kumaishi-do Cave? Alces alces 







































Right/Left L L R R R R L L L L L L L R L L R R
GL 375 341+ 377± 254+ 264+ 231+ ? ? ? 292+ 292+ 324+ ? 418 384 405 400 403
Bp 63 64 ? ? ? ? 57 ? ? 59 ? 52+ ? 57 50 52 48 50
SLp 65 68 ? ? ? ? ? ? ? 65 ? ? ? 55 51 51 50 51
BD 40 34 35 31 27 24 ? ? 27 36 29 33 ? 32 29 29 27 27
CD 133 118 117 107 95 93 ? 100 91 123 108 119 ? 114 107 105 102 101
SLD 35 33 33 29 25 26 ? 27 25 34 30± 32 ? 32 30 30 29 29
Bd 76 ? ? ? ? ? ? ? ? ? ? ? 68 69 62 63 60 60
SLd 50 ? ? ? ? ? ? ? ? ? ? ? 45 45 41 42 40 41




Appendix Table 12. Measurements of the coxae of Sinomegaceros yabei and Alces alces from Kumaishi-do Cave and extant A. alces in mm.
R: Right coxa, L: Left coxa. ? : Not measurable, +: More than, ± : Approximate, blank: Not measured. For the measuring method see Appendix Fig. 10.
Taxon Sinomegaceros yabei 
?Kumaishi-do Cave?
Alces alces 
?Kumaishi-do Cave? Alces alces ?extant?









Right/Left L R R R L L L L
GL ? ? ? 474+ 488 460 451+ 501
LA 92 ? ? 73 65 61 60± 58
LAR 72 ? ? 62 54 51 55 50
DA 32 ? ? 25 26 28
LS ? ? ? 148+ 163 174 151 158
SH 55 55 44 42 40 36 37 40
SB 23 23 20 22 20 20 18 19
SC 135 135 109 107 101 99 100 100
LIs 104 105 104+ 123 110 109
Lfo 105 108 ? 95 98 98 100 90
LA/DA 2.88 ? ? 2.44 2.31± 2.07 
LAR/DA 2.25 ? ? 2.04 2.12 1.79 
LIs/SH 1.89 1.91 2.36+ 3.42 2.97 2.73 
LIs/SB 4.52 4.57 5.20+ 6.15 6.11 5.74 
??13???????????????????????????????????????????mm???????°??
R??????L????????????????????±????????????????11????
Appendix Table 13. Measurements of the femurs of Sinomegaceros yabei and Alces alces from Kumaishi-do Cave and extant A. alces ?length in mm and 
angle in degree?.
R: Right femur, L: Left femur. ? : Not measurable, +: More than, ± : Approximate. For the measuring method see Appendix Fig. 11.
























Right/Left R R L L R R R R L R R R
GL ? 452+?465±? 277+ 249+ ? 295+ 294+ 459 436 429 432 432
GLC ? 449 ? ? ? ? ? 437 412 409 410 403
Bp ? 139+ ? ? ? ? ? 128 109 104 102 107
DC 60 ? ? ? 60 ? ? 53 48 47 45 45
BD 45 45 39 39 ? 39 37 37 36 32 31 32
CD 166 164 138 140 ? 140 128 137 130 123 124 118
Bd ? 122 ? ? ? ? ? 101 98 91 92 93
AIC 35 ? ? ? ? ? ? 25 30 25 25 28
GL/CD ? 2.84± ? ? ? ? ? 3.35 3.35 3.49 3.48 3.66 





Appendix Table 14. Measurements of the tibiae of Sinomegaceros yabei and Alces alces from Kumaishi-do Cave and extant A. alces in mm.
R: Right tibia, L: Left tibia. ? : Not measurable, +: More than, ± : Approximate, blank: Not measured. *: Including fused malleolus. For the measuring 
method see Appendix Fig. 12.
Taxon Sinomegaceros yabei ?Kumaishi-do Cave? Alces alces 

































?490±? 401+ 357+ 359+ 253+ 226+ ? 405+ 506 471 477 475 473
Bp 129 131 115+ ? ? ? ? ? ? 109 102 97 100 99
SLp 119+ 122+ ? ? ? ? ? ? ? 90 92 92
BD 52 51 ? 44 44 ? 34 ? 42 43 38 38 39 37
SLD 39 40 ? 33 33 ? 28 ? 32 30 31 33 30 29
CD 153 151 ? 127 127 ? 103 ? 124 121 117 113 115 114
Bd 90 ? ? ? ? ? ? ? ? 72 67 65 63 66*
SLd 68 62+ ? ? ? ? ? 57 ? 58 50 52 50 49
GL/Bp 3.80 3.74 ? ? ? ? ? ? ? 4.64 4.62 4.92 4.75 4.78 
GL/SLp 4.12+ 4.02+ ? ? ? ? ? ? ? 5.30 5.16 5.14 
GL/CD 3.20 3.25 ? ? ? ? ? ? ? 4.18 4.03 4.22 4.13 4.15 
GL/Bd 5.44 ? ? ? ? ? ? ? ? 7.03 7.03 7.34 7.54 7.17*
GL/SLd 7.21 ? ? ? ? ? ? ? ? 8.72 9.42 9.17 9.50 9.65 
??15???????????????????????????????mm??
R?????L???????????????????±????????????????13????
Appendix Table 15. Measurements of the tali of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces alces in mm.
R: Right talus, L: Left talus. ? : Not measurable, +: More than, ± : Approximate. For the measuring method see Appendix Fig. 13.
Taxon Sinomegaceros yabei ?Kumaishi-do Cave? Alces alces ?extant?
Specimen 











Right/Left L R L R R L R R R
GLl 90 91 82± 89 78 77 80 74 74
GLm 82 81 ? 82 73 71 75 69 68
SLl 49 50 45 47 44 43 45 40 41
SLm ? ? ? 49 45 43 44 42 41




Appendix Table 16. Measurements of the calcanei of Sinomegaceros yabei and Alces alces from Kumaishi-do Cave and extant A. alces in mm.
R: Right calcaneus, L: Left calcaneus. ? : Not measurable, +: More than. , ± : Approximate. For the measuring method see Appendix Fig. 14.















Right/Left L R L R L R L R R R
GL 167+ 146+ ? 143+ 123+ 161 151 155 151 149
GB 58+ 60 ? 52± 42+ 50 48 49 45 47
GH 66 63+ ? 61+ 56± 57 55 56 51 52
SBC 24 24 24 23 19 19 18 18 17 16
SHC 47 47 ? 41+ ? 37 41 38 36 39
GBT ? ? 42 ? ? 33 33 32 27 29
GHT ? ? 53+ ? ? 43 43 45 38 44
??17??????????????????????????????????????????mm??
R????????L????????????????????????????????15????
Appendix Table 17. Measurements of the naviculocuboids of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces alces in mm.
R: Right naviculocuboids, L: Left naviculocuboids. +: More than, Blank: Not measured. For the measuring method see Appendix Fig. 15.
Taxon Sinomegaceros yabei ?Kumaishi-do Cave? Alces alces  



















Right/Left L R R L L L R L R R R
GB 75 76 71 63 66 64 67 60 63 57 59
GSL 65 61+ 61 55 56 54+ 58 56 55 51 57
Ll 27 27 26 21 24 26 28 27 27 25





Appendix Table 18. Measurements of the proximal and the middle phalanges of Sinomegaceros yabei and Alces alces from Kumaishi-do Cave and extant 
A. alces in mm.
M: Manus, P: Pes, R: Right, L: Left, III: Third digit, IV: Fourth digit. ? : Not measurable, +: More than, ± : Approximate. For the measuring method 
see Appendix Fig. 16.
Proxim
al phalanx














4087 QV-4088 Osawa-A Osawa-B Osawa-A Osawa-B
Portion M/R/IV M M/L/III M/L/IV M/R/IV P/L/III P/L/IV P/L/IV M/R/III M/R/IV M/L/III M/L/IV P/R/III P/R/IV P/L/III P/L/IV
Glpe 86 79 85 87 ? 90 90 80 81 81 74 75 88 89 84 84
Bp 38 30 38 ? 38 40 ? 33 33 33 31 32 35 35 33 33
SLp 45 39 43+ 43+ ? ? 47+ 40+ 40 40 35 35 44 44 41 41
BD 28 24 28 29 ? 29 30 25 24 25 22 23 26 26 22 22
Bd 35 28 34 33 ? 34 34 31 31 31 27 28 33 33 29 29
SLd 29 26 28± 29± ? 29 29 25 23 23 21 22 25 25 23 23
M
iddle phalanx
















4095 QV-4097 Osawa-A Osawa-B Osawa-A Osawa-B
Portion M M/R/IV M/R/III M/L/III M/R/III M/R/IV P/L/III P/L/IV P/L/IV M/R/III M/R/IV M/L/III M/L/IV P/R/III P/R/IV P/L/III P/L/IV
Glpe ? 66 65 63+ 65 65 66+ 66 62 58 58 52 52 65 65 58 59
Bp ? 36 35 35 36 36 33 32 32 31 31 27 28 32 32 29 30
SLp ? 45 46 43+ 46 42+ 39+ 43 41 40 39 37 36 43 43 38 40
BD 24 28 28 27 27 27 26 26 22 21 22 19 19 22 22 19 19
SLD ? 33 32 31 31 31 29 29 31 33 32 28 28 32 33 28 28
Bd ? 34 ? 31+ 32 ? 29 27 23+ 26 28 24 25 27 27 25 25
SLd ? 43 ? 42± 42 ? 38 37+ 38 38 40 35 36 40 40 36 36




Appendix Table 19. Measurements of the distal phalanges of Sinomegaceros yabei from Kumaishi-do Cave and extant Alces alces in mm.
M: Manus, P: Pes, R: Right, L: Left, III: Third digit, IV: Fourth digit. ? : Not measurable, +: More than, blank: Not measured. For the measuring 
method see Appendix Fig. 17.
Taxon Sinomegaceros yabei 
?Kumaishi-do Cave? Alces alces ?extant?
Specimen number QV-4098 M-117 M-118 Osawa-A Osawa-B Osawa-A Osawa-B






or IV P/R/III P/R/IV P/R/III P/R/IV P/L/III P/L/IV
DLS 66 81 ? 85 86 80 80 80 82 85 85 81 81 82 82
Ld 59 66+ ? 77 78 73 73 73 74 81 81 79 79 79 79
MBS 21 28 ? 26 26 24 23 24 23 27 27 25 24 23 24
H 37 38+ ?
Gp 45 46+ ?
Bp 29 ? 35




Appendix Table 20. Morphological differences in atlas between Sinomegaceros yabei and extant Alces alces.






Comparison with Breda 
?2005?*Sinomegaceros yabei Alces alces
H/GB,  H/GL Smaller Larger Appendix Table 1 Probably the same opinion
BFcr, BFcd Caudal articular surface wider than cranial one
Cranial articular surface wider 
than caudal one
Appendix 
Table 1 No description
Dorsal/ventral 
views Outline of the wings Spreading caudally ?1a? Not spreading caudally ?1b?
Fig. 34; 





Median part of the 
cranial and caudal 
margin of dorsal arch 
Concavity wider and deeper ?2a? Concavity narrower and shallower  ?2b?
Fig. 34; 




Extension of the 
cranial articular 
surface to the ventral 
side 
Extended slightly ?3a? Extended widely ?3b? Fig. 34; C, D
The difference pointed out as 
"Character 2", but the 
meaning somewhat different 
from our observation.
Ventral view Size and position of the ventral tubercle 
Larger, lower, and more gently 
swollen; positioned cranially from 
the caudal end of the median part 
of the ventral arch  ?4a?
Smaller, but more strongly 
projecting caudoventrally; 
positioned at the caudal end of 
the median part of the ventral 
arch ?4b?
Fig. 34; 
C, D, E, F
Ventral tubercle absent in  
Megaloceros giganteus
 ?"Character 1"? 
Caudal view
Morphology of the 
dentis fovea and 
transition from the 
fovea to the caudal 
articular fovea
Dentis fovea broadening caudally, 
and also broadening  
dorsoventrally and laterally; 
continuing to the caudal articular 
fovea with a more gently curved 
surface ?5a?
Dentis fovea columnar; 
continuing to the caudal 
articular fovea with a strongly 
curved surface ?5b?
Fig. 34; 
E, F No description
Caudal view
Location of the 
caudoventral margin 
of the dentis fovea
Reaching to the caudoventral 
margin of the caudal articular 
surface ?6a?
Positioned more dorsally from 
the caudoventral margin of the 
caudal articular surface ?6b?
Fig. 34; 
E, F No description
Caudal view Caudal articular surface
Right and left halves continuous 
to each other ?7a?
Right and left halves separated 
from each other  ?7b?
Fig. 34; 
E, F No description
??21????????????????????????
???????Character ??Breda ?2005????????
Appendix Table 21. Morphological differences in axis between Sinomegaceros yabei and extant Alces alces.






Comparison with Breda 
(2005)*Sinomegaceros yabei Alces alces
Lateral view Cranial and dorsal margins of the dens
Distinctly separable, and angle 
between them sharp (1a)
Gently concave and 
their boundary obscure 
(1b)
Fig. 35; A, C Partly coincident with "Character 1"
Lateral view
Relationship between 
the lateral vertebral 
and transversal 
foramina
Cranial opening separated; confluent 
at the halfway of the foramina to be a 
single foramen caudally; the foramina 
much longer (2a, 3a)
Completely separated 
from each other; much 
shorter (2b, 3b)
Fig. 35; B, C
Coincident with foramina 
5-8, but different from our 
observation
Dorsal view BFcr/SBV Smaller Larger Appendix Table 2 No description
???????????????????????????????2? 127
??22??????????????????3??7???????







Breda (2005)Sinomegaceros yabei Alces alces
C3-C7
Physiological length of the 




Coincident with our 
observation
Development of the processes
Well developed except for the 
spinous process of the third cervical 
vertebra 
Poorly developed Fig. 36
Coincident with our 
observation except 
for the spinous 





Length of the transverse 
foramen
Longer in all the vertebrae; 
shortening caudally (1a)?
Shorter in all the vertebrae; nearly the 
same length in all the vertebrae 
(1b)?
Fig. 36 ; K, 






Development of the spinous 
process
Lower; its basal part not reaching to 
the cranial and caudal margins of 
the vertebral arch (2a)
Higher; its basal part reaching to the 
cranial and caudal margins of the 
vertebral arch (2b)




Emargination of the caudal 
margin of the vertebral arch Shallower (3a) Wide and deeper; V-shaped (3b)
Fig. 36; A, 
F
Cranial 
view Outline of the vertebral caput
Heart-shaped with a wider dorsal 
part or inverted triangle; ventral end 
pointed (4a)
Inverted pentagon with a rounded 
ventral end; wider in the ventral half 
(4b)
Fig. 36; S, 
T
Caudal 
view Outline of the vertebral fossa Inverted pentagon (5a)
Hexagon with a rounded dorsal end 
(5b)




Inclination of the caudal 
margin of the vertebral caput Inclining 5° cranially (6a) Inclining 20° cranially (6b)





Development of the spinous 
process
Basal part not reaching to the caudal 
margin of the vertebral arch (7a)
Basal part reaching to the caudal 
margin of the vertebral arch (7b)
Fig. 36; L, 
P
Cranial 
view Outline of the vertebral caput
Inverted pentagon with a pointed 
ventral end (8a)
Elliptic shape with a little concave 
dorsal side (8b)




Inclination of the caudal 
margin of the vertebral caput Inclining 10° cranially (9a) Inclining 20° cranially (9b)





Development of the spinous 
process
basal part not reaching to the caudal 
margin of the vertebral arch (10a)
Basal part reaching to the caudal 
margin of the vertebral arch (10b)
Fig. 36; B, 
G
Cranial 
view Outline of the vertebral caput
Inverted pentagon with a pointed 
ventral end; widest in the dorsal half 
(11a)
Inverted pentagon with a rounded 
ventral end; widest in the ventral half 
(11b)
Fig. 36; W, 
X
Caudal 
view Outline of the vertebral fossa
Inverted pentagon; widest in the 
middle part (12a)?
Pentagon or hexagon; widest in the 
ventral half (12b)




Inclination of the caudal 
margin of the vertebral caput Inclining 20° cranially (13a) Inclining 30° cranially (13b)
Fig. 36; M, 
Q
Ventral 
view Ventral crest Well developed and sharp (14a) Blunt (14b)




view Outline of the vertebral caput
Inverted pentagon; widest in the 
dorsal half (15a)?
Elliptic shape with a flat dorsal 
margin (15b)




Developed obviously all over the 
ventral surface, but blunt and low 
(16a)
Undeveloped or very weakly 
developed (16b)




view Outline of the vertebral caput
Inverted triangle with rounded 
corners; elongating and tapering 
ventrally; widest nearby the dorsal 
margin (17a)?
Inverted pentagon with rounded 







Articular surfaces of the 
caudal articular process
Facing ventrolaterally and little 
caudally (18a)
Facing ventrally and little 
caudolaterally (18b)








Related figure and table
Sinomegaceros 
yabei Alces alces
Cranial view Breadth of the vertebral foramen (BFv, BPtr/BFv, BFcr/BFv ) Larger Smaller
Fig. 37; A ,B ,C, D, E, F, 
G, H, Appendix Table 4
Dorsal/ventral 
view
Right and left articular surfaces on the cranial 
articular processes of the second to fifth thoracic 
vertebrae and those on the caudal articular 
processes of the first to fourth thoracic vertebrae




Right and left articular 
surfaces united or 
continuous to each 
other (1b,1b´)
Fig. 37; Q, R, S, U, V, 
W, X, Y, Z
??24????????????????????? .








Ratio of the breadth across the cranial articular 
process to the breadth across the caudal articular 
process (Bpacr/Bpacd)
Smaller (1a) Larger (1b) Appendix Table 5, Fig. 38; B, E.
Cranial view
Ratio of the breadth of the vertebral foramen to 
the thickness of the vertebral arch under the 
cranial articular process (BFv/TAv)
Larger (2a) Smaller (2b) Appendix Table 5, Fig. 38; A, D.
Cranial/caudal 
views
Ratio of the height of the cranial/caudal articular 
processes* to the breadth across the 




(3b) Fig. 38; A, C, D, F.
Crania/caudal 
views Smallest thickness of spinous process (TPs) Larger (4a) Smaller (4b)
Appendix Table 5, Fig. 38; 
C, F.
??25????????????????????????
Appendix Table 25. Morphological differences in sacrum between Sinomegaceros yabei and extant Alces alces.
Direction 
observed Element/character
Taxon Related figure 
and tableSinomegaceros yabei Alces alces
Lateral view Height of the spinous process Higher all over the process; height slightly decreasing caudally (1a)
Lower all over the process; height  
abruptly decreasing caudally (1b) Fig. 39; C, D.
Lateral view Continuity of the median sacral crest
Continuous all over the process 
(2a)
Discontinuous between the fourth 
and fifth sacral vertebra (2b) Fig. 39; C, D.
Cranial view
Transverse section of the 
cranial margin of the spinous 
process
Thin but rounded in the second 
sacral vertebra; unknown in the 
first sacral vertebra (3a)
Thin, sharp, and knife-like in the 
first and second sacral vertebrae 
(3b)




Inclination of the sacral 
tuberosity
Inclined slightly medially; nearly 
vertical (4a) Inclined more medially (4b) Fig. 39; A, B.
Lateral view Ventrolateral margin of the lateral part
Rounded; not projecting; ventral 
surface widely visible (5a)
Sharp, knife-like, and projecting 
ventrolaterally; ventral surface 
hardly visible  (5b) 




Appendix Table 26. Morphological differences in scapula between Sinomegaceros yabei and extant Alces alces.
*: Each ?character? shown in this column is described in Breda ?2005?.
Direction 
observed Character
Taxon Related figure 
and table
Comparison with Breda 
(2005)*Sinomegaceros yabei Alces alces
Lateral 
view
Position and its degree of 
projection of the 
supraglenoid tubercle 
Projecting from more 
distal position; stronger  
(1a)
Projecting from more 
proximal position; 
weaker (1b)
Fig. 40; A, 
B, C, D.




Angle between the distal 
margin of the supraglenoid 
tubercle and the lateral 
margin of the glenoid cavity





Caudal end of the glenoid 
cavity
Projecting considerably 
beyond the caudal 
margin of the scapular 
neck (3a)
Projecting slightly 
beyond the caudal 
margin of the scapular 
neck (3b)
Fig. 40; A, 
B.
Coincident with the 
observation in lateral 
view among those 
described as "Character 3"
Transverse section of the 
caudal margin of the 
scapular neck
Round (4a) Squarish (4b) Fig. 40; A, B.
Coincident partly with 
"Character 3" (except the 
description for moose) 
Lateral 
view
Greatest length of the 
distal part (Ldi) Nearly equal to SLC
Obviously longer than 
SLC
Appendix 
Table 7 No description
Medial 
view
Ridge forming the caudal 
margin of the subscapular 
fossa 
Strongly developed 
especially in the distal 
part (5a)
Poorly developed  (5b) Fig. 40; A, B. No description
Medial 
view
Angle between sagittal 
plane and the plane 
between the caudal margin 
and the above-mentioned 
ridge
Over 50° (6a) Under 50° (6b) Fig. 40; A, B. No description
Cranial 
view




Lower; nearly equal to 
SLC
Appendix 
Table 7 No description
Cranial 
view
Distal margin of the 
scapular spine
Convex as a whole, but 
exclusively concave at 
the basal part (7a)
Concave as a whole 




Appendix Table 27. Morphological differences in humerus between Sinomegaceros yabei and extant Alces alces.








Sinomegaceros yabei Alces alces Pfeiffer (1999)
Breda 
(2005)
Transverse section at BD and 
SLD/BD Oval (nearly circular) (1a)
Oval elongated 
craniocaudally (1b)








Angle between the crests 
running medially and 
laterally to the olecranon 
fossa
More than 30° (2a) Less than 30° (2b)









Thickness and transverse 
section of the crest running 
laterally to olecranon fossa 
Thicker mediolaterally; 










Caudal view Lateral epicondylar crest
Low and short; rising up 
to the level of the 
proximal end of the 
olecranon fossa (4a)
Showing a long 
'pinchement' in the 
distal part; rising 
almost to the middle 
part of the corpus as a 
blunt ridge (4b)










Distal end of the lateral 
epicondyle
Positioned at the level of 
the distal margin of the 
lateral part of the trochlea  
(5a)
Positioned at the 
middle level of the 
trochlea (5b)











Lateral margin of the corpus 
near the distal end












Distal view Distal end of the lateral epicondyle Convex gently (7a) Concave (7b)







Area between the distal end 
of the lateral epicondyle and 
the keel of the trochleas
Forming a broad and very 
shallow depression (7a')
Forming a distinct 
depression (7b')?









Distal end of the medial 
epicondyle
Extending distally well 
beyond the distal end of 
the trochlea  (8a)
Not extending distally 
to the trochlea (8b)?
Fig. 41; C, 










Boundary between the distal 
end of the medial epicondyle 
and the distal end of the 
trochlea
Located at the same 
position as the cranial 
margin of the distal part 
of the corpus, or more 
cranially (9a)
Located caudally to 
the cranial margin of 
the distal part of the 
corpus (9b)








Divided into two pits by a 
small bone bridge (10a)
Consisting of a single 
long cavity (10b)










Distal view Keel of the trochlea
Sharper on the caudal side 
and slightly blunt on the 
cranial side (11a)
More rounded as a 












Appendix Table 28. Morphological differences in radius between Sinomegaceros yabei and extant Alces alces.






Comparison with previous 
works*













Outline of the 
proximal articular 
surface
Rounded except for the 
craniolateral corner (1a)
Square, especially distinct at the 










Notch for the lateral 
coronoid process of 
the ulna
Medial articular surface facing 
caudolaterally; lateral surface 
facing caudally;  angle between 
the two articular surfaces 
approximately135° (2a)
Medial articular surface facing 
latrrally; lateral surface facing 
caudally; angle between the two 












/  cranial 
views
Attachment of the 
lateral collateral 
ligament
Protruding more; projecting 
laterally beyond the proximal 
articular surface in proximal view 
(3a)
Slightly protruding; hardly 
visible in proximal view (3b)
Fig. 42; 











Position of the radial 
tuberosity
Close to the proximal articular 














Medial part of the 
middle part of the 
corpus 
Thinner craniocaudally (5a); 
medial margin convex in cranial 
view (5a´)
Thicker craniocaudally (5b); 
medial margin straight or 
slightly convex in cranial view 
(5b´)
Fig. 42; 











Ridge of the 
craniolateral margin 
Absent or very week; lateral 
surface continuous to the cranial 
one (6a)
Angular; considerably projecting 
craniolaterally; lateral surface 
clearly separated from the 







Two keels running 
parallel to the tendon 
groove
Short and sharp in adult, but 
blunt in juvenile (7a) Long and blunt (7b)
Fig. 42; 









Cranial part of the 
articular surface to 
the scaphoid
Deeply concave; articular surface
visible widely in cranial view 
(8a)
Moderately concave; articular 
surface visible slightly in cranial 
view (8b)
Fig. 42; 








Ridge between the 
articular surface to 
the scaphoid and that 
to the lunate
Angle between the ridge and the 
caudal margin of the distal end 
about 45° (9a)
Angle between the ridge and the 












Ridge between the 
articular surface to 
the scaphoid and that 
to the lunate
Constricted between the ridge 
and corpus (10a)
Not constricted between the 











of the articular 
surface to the lunate
Meeting the ridge between the 
articular surface to the scaphoid 
and that to the lunate at angles of 
70° to 80° (11a)
Turning caudally on the medial 
side; meeting the ridge between 
the articular surface to the 
scaphoid and that to the lunate at 





















Direction of the medial 
articular surface on the 











with the description on 




Angle between the medial 
articular surface on the 
lateral coronoid process and 










Appendix Table 30. Morphological differences in scaphoid between Sinomegaceros yabei and extant Alces alces.
Direction 
observed Character
Taxon Related figure and 
tableSinomegaceros yabei Alces alces
GSL/GL Larger Smaller Appendix Table 10
Lateral/ medial 
views Dorsal margin Swollen dorsally (1a) Hardly swollen (1b) Fig. 44; A, C
??31????????????????????????????
Appendix Table 31. Morphological difference in trapezoideocapitate between Sinomegaceros yabei and extant Alces alces.
Direction 
observed Character
Taxon Related figure and 
tableSinomegaceros yabei Alces alces
Proximal/ 
distal views
Swollen position of the 
dorsal margin
Relatively closer to the 
center (2a) 
Near lateral end 




Appendix Table 32. Morphological differences in metacarpal III et IV between Sinomegaceros yabei and extant Alces alces.






Comparison with previous works*
Sinomegaceros yabei Alces alces Pfeiffer (1999) Breda (2005)
GL/CD Smaller Larger Appendix Table 11
Mentioned as a 
general 
Character





Most swollen part of the 
dorsal margin
Central part of the 





Articular surfaces to the 
metacarpals II and V
Present (variable in 







Relation between the 
height of the articular 
surface to the 
trapezoideocapitate and 
that to the hamate
Approximately the same 
on the palmar side; 
articular surface to the 
trapezoideocapitate higher 
on the dorsal side (3a)
Approximately the same on 
the palmar side; articular 
surface to the 
trapezoideocapitate slightly 
higher on the dorsal 
side (3b)





Synovial hollow between 
the articular surface to the 
trapezoideocapitate and that 
to the hamate
Larger and elongated 
dorsopalmarly, enclosed 
in a porous area with 
indefinite outline (4a)
Smaller and elongated 
dorsopalmarly without any 
porous area (4b)
Fig. 45; A, B No description Coincident with "Character 9"
Proximal 
view
Ridge between the 
articular surface to the 
trapezoideocapitate and that 
to the hamate
Running along the 
lateral margin of the 
synovial hollow (5a)
Running laterally apart from 







Groove distinct and 
deeper distally; distal 
canal larger; proximal 
canal small (6a)
Groove shallow; distal canal 
smaller; proximal canal absent 
(6b)
Fig. 45; E, F
Reversed 
description on 













Mediolateral breadth of 
the intertrochlear incisure
Nearly the same, but 
slightly wider 
proximally (8a)
Wide in the proximal part to 
show a keyhole shape (8b) Fig. 45; G, H
Coincident with 
"Character 5" "Character 5"
Dorsal 
view
Outline of the 
proximodorsal margin of 
the articular surfaces of the 
trochleae
More squarish at the 
axial and abaxial 
corners (9a)
More rounded, especially at 





Outline of the 
proximopalmar margin of 
the articular surfaces of 
the trochleae
Articular surfaces of the 
trochleae extending 
proximally at the position 
of the longitudinal crest 
(10a)
Observed some loops breaking 
the articular surfaces between 
the median longitudinal crest 
and the axial and abaxial sides 
of the trochlea (10b)
Fig. 45; G, H No description
Coincident with 





Appendix Table 33. Morphological differences in coxa between Sinomegaceros yabei and extant Alces alces.
*: Breda ?2005? described another characters than those in this table.
Direction observed Character
Taxon Related figure 
and table
Comparison with 
Breda (2005)*Sinomegaceros yabei Alces alces
Ventolateral 
view of the 
illium 
Tubercle for psoas 
minor muscle
Well developed and 
clearly visible in 
ventolateral view (1a)
Poorly developed and slightly 
visible or invisible in 
ventolateral view (1b)
Fig. 46; A, B No description
Thickness and width 
of the iliac corpus 
(LIs/SH, Lis/SB)
Thicker and wider Thinner and narrower Appendix Table 12 No description
Ventolateral 
view of the 
acetabulum
Depth of the 
acetabulum (LA/DA, 
LAR/DA)
Shallower Deeper Appendix Table 12 No description
Ventolateral 
view of the 
acetabulum
Thickness of the  
acetabular lip Thicker (2a) Thinner  (2b) Fig. 46; A, B No description
??34?????????????????????????
???????Character ??Breda?2005????????Pfeiffer?1999?????????????????
Appendix Table 34. Morphological differences in femer between Sinomegaceros yabei and extant Alces alces.
*: Each ?character? shown in this column is described in Breda ?2005?. Pfeiffer ?1999? mentions another characters than those in this table.
Direction 
observed Character
Taxon Related figure and 
table 
Comparison with previous works*
Sinomegaceros yabei Alces alces Pfeiffer (1999) Breda (2005)
Cranial 
view
Angle between the greater 
trochanter and the proximal 
margin of the femoral caput
Larger than 90° (1a) Approximately 90° (1b) Fig. 47; A, B No description Coincident with "Character 1"
Proximal 





Inclination of the 
intertrochateric crest (AIC) 35° laterally (3a) 25-30° laterally (3b)
Fig. 47; C, E, 
Appendix 
Table 13




Curvature of the corpus. 
GL/CD, GL/BD Straight and stout (4a)
Gently convex medially 
and slender (4b)
Fig. 47; A, B, 
Appendix 
Table 13





Development of the medial 
and lateral labia
Both of the labia well 
developed; lateral one 
remarkably stronger than 
medial one. (5a)
Both of the labia week; 
no difference in 
development between 
them (5b)
Fig. 47; D, E No description No description
Cranial 
view
Medial and lateral labia of 
the femoral trochlea
Asymmetrical; medial 
labium much more 
developed and swollen 
than lateral one (6a)
Nearly symmetrical; 
medial labium slightly 
thicker than lateral one 
(6b)








Caudolaterally in the 
proximal part; laterally 
and somewhat caudally 
in the distal part (7b)




Appendix Table 35. Morphological differences in tibia between Sinomegaceros yabei and extant Alces alces.






Comparison with previous works*
Sinomegaceros yabei Alces alces Pfeiffer ?1999? Breda (2005)











bones of the 
moose identified 









Caudal margin of the 
lateral condyle
Medial half straight; lateral 
half convex with the round 
caudal end positioned medially 
from the lateral end (1a)
Almost straight with the 
angular caudal end positioned 
near the lateral margin (1b)
Fig. 48; G, 
H







Lateral expansion of 
the lateral condyle Expanding remarkably (2a) Expanding moderately (2b) Fig. 48; I, J Not recognized
Cranial 
view Curvature of the corpus
Straight in the distal part; 
concave laterally in the middle 
and proximal parts  (3a)
Concave laterally in the 
proximal part; concave 
medially in the distal part; 
corpus S-shaped as a whole 
(3b)
Fig. 48; A, 




Curvature of the cranial 
margin of the corpus
Continuous concave curve as a 
whole; inclination increasing 
proximally (4a)
Distal and middle parts 
concave cranially; inclination 
increasing proximally; 
proximal part straight with 
weaker inclination; inclination 
changing sharply between 
middle and proximal parts (4b)
Fig. 48; C, 







Distal end of the 
projecting part of the 
cranial margin
Unclear (5a) Obvious (5b) Fig. 48; I, J No description
Caudal 
view
Popliteal muscle line 
near the medial margin 
in the proximal part 
Medially concaved curve 
directing to the posterior 
cruciate ligamental tuberosity; 
not reaching to the proximal 
epiphysis (6a)
Straight; directing to the 
posterior cruciate ligamental 
tuberosity; variable whether it 
reaches to the proximal 
epiphysis or not (6b)












articular surface on the 
cranial margin of the 
tibial cochlea
Distal margin curved more 
concavely; lateral end 
projecting distolaterally (7a)
Distal margin slightly concave 
with weaker projection of the 
lateral end (7b)











Medial and lateral 
expansion of the distal 
epiphysis
Strongly expanded to both side  
(8a) Weakly expanded (8b)











Groove between the 
ridge on the medial 
margin and that of the 
popliteal muscle line 
along the margin
Ridges sharp; round-bottomed 
wide groove reaching to the 
distal end (9a)
Ridges blunt with a shorter 
groove (9b)
Fig. 48; E, 





Boundary point between 
the distocaudal margin 
of the tibial cochlea and 
that of the articular 
surface to the malleolus
Strongly projecting; lateral half 
of the distocaudal margin of 
the tibial cochlea distinctly 
concave (10a)
Weekly projecting; lateral half 
of the distocaudal margin of 
the tibial cochlea slightly 
concave (10b)





Space between the 
deepest parts of the two 
grooves of the tibial 
cochlea
Wider than the sagittal length 
of the lateral groove of the 
tibial cochlea (11a)
Narrower than the sagittal 
length of the lateral groove of 
the tibial cochlea (11b)




Distal view Caudolateral corner of the tibial cochlea Relatively angular (12a) Not so angular (12b)





Cranial part between the 
two grooves of the tibial 
cochlea
Projecting distally with a 
squarish articular surface on its 
end facing distally and slightly 
medially  (13a)
No articular surface (13b) Fig. 48; O, P No description No description
Distal view
Articular surface 
positioned medially to 
the medial groove of the 
tibial cochlea
No articular surface  (14a)
Articular surface to the talus 
facing distally, continuing from 
the medial side of the tibial 
cochlea (14b)
Fig. 48; O, 
P No description
Corresponding to 
"Character 4" of 
talus
Distal view Width of the articular surface to the malleolus Wide in the caudal part?15a? Narrow generally?15b?










Appendix Table 36. Morphological differences in talus between Sinomegaceros yabei and extant Alces alces.







Breda (2005) *Sinomegaceros yabei Alces alces
Plantar view
Continuity between the 
articular surface to the 
sustentaculum and the 
medial part of that to the 
lateral tooth of the 
naviculocuboid
Continuous to form a single curved 
surface, even if a boundary observed 
between them (1a)
Not continuous; articular 
surface to the lateral tooth of 
the talus depressed more 
deeply than that to the 
sustentaculum (1b)
Fig. 49; C, 
D
Similar to 
"Character 1", but 
erroneous in the 






Extension of the proximal 
part of the medial labium of 
the proximal trochlea
Week; proximal margin inclined 
distally  (2a)
Medial labium somewhat 
distal from its proximal 
margin extending medially to 
form a clear horizontal step 
(2b)







Dorsodistal part of the 
medial labium of the 
proximal trochlea
Constricted at the part somewhat 
proximal from its dorsodistal end; 
then expanded mediolaterally and 
dorsally at the distal end; dorsodistal 
end of the medial labium of the 
proximal trochlea remarkably 
protruding beyond the distal trochlea 
in the medial view (3a)
Dorsal protrusion of the 
dorsodistal end of the medial 
labium of the proximal 
trochlea weaker; dorsodistal 
end of the medial labium of 
the proximal trochlea slightly 
protruding beyond the distal 
trochlea (3b)
Fig. 49; A, 
B No description
Dorsal view Medial margin of the lateral labium of the distal trochlea Distinct; visible as a "line" (4a) Indistinct; transitional (4b)





Distal margin of the articular 
surface of the lateral labium 
of the distal trochlea to the 
lateral part of the 
naviculocuboid corpus
Slightly concave (5a) Not concave (5b) Fig. 49; A, B
Coincident with 
"Character 6a"
Dorsal view Distal margin of the medial labium of the distal trochlea
Well swollen;  most swollen at the 
central part (6a)
Poorly swollen, most swollen 
at the medial part (6b)





Groove between the medial 
and lateral labium of the 
distal trochlea
Weekly widening distally  (7a) Strongly widening distally (7b)
Fig. 49; A, 
B, C, D No description
Lateral view
Small articular surface at the 
distal end of the lateral 
labium of the proximal 
trochlea
Absent; another articular surface to 
the calcaneus facing laterally at the 
distoplantar side of the distal end of 
the lateral labium of the proximal  
trochlea?8a?
Present; articular surface to 
the calcaneus facing distally 
or distolaterally (8b)







Appendix Table 37. Morphological differences in calcaneus between Sinomegaceros yabei and extant Alces alces.
*: Each ?character? shown in this column is described in Breda ?2005?.
Direction 
observed Character
Taxon Related figure 
and table
Comparison with 
Breda (2005)*Sinomegaceros yabei Alces alces







16, Fig. 50; A, 
B, C, D  
Coincident with our 
observation
Medial view Dorsoplantar height of the corpus Gradually increasing distally Almost even mediodistally Fig. 50; A, B No description
Medial view Dorsal margin around the sustentaculum
Rising from the medial part 
of the sustentaculum to its 
distal end to drawing a gentle 
arch  (1a)
Rising abruptly from the 
middle part of the 
sustentaculum to its distal 
end (1b)
Fig. 50; A, B No description
Medial view
Dorsal margin between the 
distal end and the articular 
surface to the malleolus 
S-shaped (2a) Strongly concave and overhanging (2b) Fig. 50; A, B
Coincident with 
"Character3"
Medial view Distal end Less pointed (3a) More pointed (3b) Fig. 50; A, B No description
Medial 
/dorsal views
Articular surface to the small 
articular surface at the distal 
end of the lateral labium of 
the proximal trochlea of the 
talus
Absent
Positioned at the dorsodistal 
part; facing dorsomedially 
(4b)
Fig. 50; A, B, 




Dorsal surface around the 
medial side of the 
sustentaculum
Round mediolaterally; 
transitional to the medial 
surface (5a)
Flat or slightly concave 
mediolaterally; and 
boundary to the medial 
surface distinct (5b)
Fig. 50; C, D No description
Distal view
Medial margin of the main 
articular surface to the talus 
on the sustentaculum
Expanding medially in the 
plantar part (6a) No expansion (6b) Fig. 50; G, H
Coincident with 
"Characters 6 and 6a"
Plantar view Plantodistal margin of the sustentaculum
Projecting distally in the 
medial part (7a)
Straight; directing 
proximomedially(7b) Fig. 50; E, F
Coincident with a 




Appendix Table 38. Morphological differences in navico-cuboid between Sinomegaceros yabei and extant Alces alces.







Breda (2005)*Sinomegaceros yabei Alces alces
Ll/GB Less than 0.37 More than 0.42 Appendix Table 17




Articular surface surrounding 
the articular surface on the 
dorsal side of the lateral tooth
Absent, or if present, facing 
proximodorsally  (1a)
Present; surrounding proximally to 
medially; facing proximally to 
medially (1b)







Continuity between the 
articular surface on the dorsal 
side of the lateral tooth and the 
articular surface to the distal 
trochlea of the talus
Separated on the lateral side; 
separated but sometimes 
continuous on the dorsal side 
(2a)
Continuous or separated on the 
lateral side; continuous or touching 
with a boundary on the dorsal side 
(2b)
Fig. 51; A, 
B
Corresponding to 
"Character 1", but 
somewhat different
Dorsal 
view Outline of the medial tooth
Abruptly narrowing 
proximally; its proximal end 
round but narrower (3a)
Slightly narrowing proximally; its 
proximal end semicircular (3b)




Plantar articular surface to the 
metatarsal
Shorter mediolaterally; its 
medial end positioned near the 
median part of the bone (4a)
Longer mediolaterally; its medial 
end positioned on the plantar side of 
the median part of the articular 
surface to the intermediolateral 
cuneiform; sometimes divided into 
the two parts mediolaterally (4b)






Distoplantar end of the 
main articular surface to the 
metatarsal 
Bending proximally; facing 
plantarly or distoplantary (5a) Flat (5b)






Position of the articular 
surface to the medial 
cuneiform
Positioned on the plantar side 
of the center of the articular 
surface to the intermediolateral 
cuneiform; 
approaching the plantar 
margin of the bone (6a)
Positioned more dorsomedially; its 
medial margin positioned 
mediolaterally to the medial margin 
of the articular surface to the 
intermediolateral  cuneiform; 
detached from the plantar margin of 
the bone (6b)




Outline of the medial part of 
the plantar margin Not swollen (7a) Swollen plantarly (7b)






Distal end of the articular 
surface to the calcaneus
Reaching halfway to the 
lateral length of the bone (8a)
Not reaching halfway to the lateral 
length of the bone (8b)







Appendix Table 39. Morphological differences in metatarsal III et IV between Sinomegaceros yabei and extant Alces alces.






Comparison with previous works*
Sinomegaceros yabei Alces alces  Pfeiffer (1999) Breda (2005)
GL/CD 2.82-3.22 More than 3.59 Appendix Table 11
Complete limb 






bones of the 
moose identified 





Plantolateral corner of 
the main articular 
surface to the 
naviculocuboid
Projecting plantolaterally; 
bending proximally and 
facing proximodorsally 
(1a)





Plantar articular surface 
to the naviculocuboid
Wider dorsoplantarly and 
shorter mediolaterally (2a)
Narrower dorsoplantarly and 
longer mediolaterally; sometimes 
divided into two parts or 
constricted at the middle part (2b)
Fig. 52; 





Articular surface to the 
medial cuneiform
Nearly circular, with 
slightly shorter 
mediolateral diameter   
(3a)
Elongated dorsoplanterly; 
sometimes divided into the dorsal 
and plantar surfaces (3b)
Fig. 52; 
A, B No description No description
Proximal 
view
Space between the main 
articular surface to the 
naviculocuboid and that 
to the intermediolateral 
cuneiform
Separated by a groove (4a) Contacting with each other in the dorsal part (4b)
Fig. 52; 








Consisting of a smaller main pit 












Deeper; running on the 
lateral side of the median 
part of the bone; opening 
dorsolaterally (6a)
Wider and shallower; running on 
the side somewhat lateral to the 
median part of the bone; opening 
dorsally and slightly laterally (6b)
Fig. 52; C, 
D No description No description
Dorsal 
view
Ridge on both side of 
the dorsal longitudinal 
sulcus
Sharp and showing rather 
angular section (7a) Rounded (7b)
Fig. 52; C, 
D No description No description
Medial and lateral 
surfaces of the corpus in 
the transverse section
Flat in the proximal part 
(1/4 to 1/3 of the total 
length); convex in the 
middle to distal parts (8a)
Flat in the proximal to middle 
parts; convex in the distal part 
(1/4 to 1/3 of the total length) (8b)
Fig. 52; C, 
D No description No description
Plantar 
view
Opening of the distal 
metacarpal canal on the 
plantar surface
Large ellipse elongated 











Nearly parallel, but 
slightly widening 
proximally (10a)
Widening in the proximal part to 









Outline of the 
proximodorsal margin 
of the articular surfaces 
of the trochleae
Rather squarish at the 
axial corner; slightly 
rounded at the abaxial 
corner (11a)
More rounded at the axial and 
abaxial corners (11b) 






Outline of the 
proximoplantar margin 
of the articular surfaces 
of the trochleae
Projecting proximally on 
the keel; projecting 
distally along the abaxial 
side of the longitudinal 
crest  (12a)
Proximal projection stronger on 
the longitudinal crest; distal 
projection along the axial and 
abaxial sides of the trochlea 
stronger  (12b)
Fig. 52; 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix Table 42. Morphological differences in distal phalanges between Sinomegaceros yabei and extant Alces alces.
*: Each ?character? shown in this column is described in Pfeiffer ?1999? and Breda ?2005?.
Direction 
observed Character
Taxon Related figure 
and table
Comparison with previous works*
Sinomegaceros yabei Alces alces Pfeiffer (1999) Breda (2005)
Proximal 
view
Height difference between the 
axial and abaxial articular 
surfaces
Abaxial one higher 
than the axial one (1a)
Abaxial  one 
much higher than 
the axial one (1b)
Fig. 55; A, 







Dorsal end of the abaxial 
articular surface Rounded (2a) Pointed (2b)
Fig. 55; A, 
E, H
Proximal 
view Articular surface to the sesamoid
Positioned at the central 
part of the 
palmar/plantar side (3a)
Absent Fig. 55; D, E, H
Coincident 






/plantar view Axial margin
Gently undulated as a 
whole (4a)
Convex axially as 
a whole (4b)









/plantar view Sharpness of the axial margin Blunt (5a) Sharp (5b)
Fig. 55; C, 
G, J No description No description
Axial view
Angle between the dorsal margin 
and the palmar/plantar margin at 
the distal end
About 50° (6a) About 35° (6b) Fig. 55; B, F, I No description No description
